The relative toxicity of some acaricides to the predatory mite, Amblyseius womersleyi and the twospotted spider mite, Tetranychus urticae was evaluated in the laboratory. Bifenazate, acequinocyl and flufenoxuron, were much less toxic to adult females and immatures of A. womersleyi than to those of T. urticae, and egg production of adult female predators treated with these three acaricides was 70-91% that of control females. Etoxazole and chlorfenapyr did not seriously affect the survival and reproduction of adult female predators but caused high mortality rates in eggs and larvae of A. womersleyi. Azocyclotin, milbemectin and fenazaquin were very toxic to adult females and immatures of A. womersleyi. Adult female predators survived on a diet of spider mites treated with bifenazate, acequinocyl and flufenoxuron, and their fecundity was not substantially affected. The results indicate that bifenazate, acequinocyl and flufenoxuron are promising candidates for use in integrated mite management programs where A. womersleyi is the major natural enemy.
INTRODUCTION
The twospotted spider mite, Tetranychus urticae Koch, is an important arthropod pest of fruit trees and greenhouse crops in Korea (Kim and Paik, 1996b; Cho, 2000) . Current control of this pest on its host plants in Korea relies almost exclusively on acaricides (Cho et al., 1995; Cho, 2000) . Unfortunately, this mite species has developed resistance to most available acaricides, and the loss of acaricidal efficacy as a result of resistant mite populations is the major problem encountered (Ahn et al., 1996; Kim and Paik, 1996b) . Considerable research efforts have been devoted to finding alternative strategies for suppression of T. urticae. Phytoseiid predators are the most important biological control agents of phytophagous mites in integrated pest management programs of outdoor and greenhouse crops (Helle and Sabelis, 1985; Van Lenteren and Woets, 1988; McMurtry and Croft, 1997) . Recently, Amblyseius womersleyi Schicha has been evaluated for control of T. urticae in apple and pear orchards with promising results (Lee, 1990; Cho, 2000) . Because economical and efficient control strategies that do not involve pesticides have not yet been developed for most pests of apple and pear trees, biological control of T. urticae must be accomplished in the presence of chemical applications for control of the other pests. In the presence of chemical applications, biological control of spider mites may be achieved by the selective use of pesticides that are more toxic to pest species than to natural enemies (Hoy and Cave, 1985; Hoy and Ouyang, 1986; Zhang and Sanderson, 1990; Kim and Paik, 1996a; Spollen and Isman, 1996) .
In addition, several studies have indicated that, despite the effectiveness of phytoseiid predators for biological control of spider mites on their host plants, the predators alone may not be able to maintain spider mite populations below the economic injury level for an extended period of time (Field and Hoy, 1986; Hamamura, 1986; Kim and Paik, 1996a; Kim et al., 1997; Ibrahim and Yee, 2000) . Thus, selective acaricides are needed to adjust the prey/predator ratio and maintain adequate long-term control efficacy.
In view of growing interest in the use of phytoseiid predators as biological control agents in Korea, it is essential to consider the effects of acaricide applications for conserving resident predator populations.
We, therefore, evaluated the relative effects of selected acaricides on the survival and reproduction of adult females and immature survival to adulthood of both A. womersleyi and T. urticae.
MATERIALS AND METHODS
Acaricides. We used commercial formulations of bifenazate 23.5% suspension concentrate (SC), etoxazole 10% SC, acequinocyl 15% SC, chlorfenapyr 10% SC, flufenoxuron 5% dispersible concentrate (DC), azocyclotin 25% wettable powder (WP), milbemectin 1% emulsifiable concentrate (EC), and fenazaquin 20% SC. These compounds were tested at their recommended field rates in Korea.
Colony sources and experimental conditions. The A. womersleyi colony was collected from pear trees on the Sunchon National University farm in 2000 and has been reared in the laboratory on kidney bean plants, Phaseolus vulgaris L., infested with T. urticae. The T. urticae colony was also collected from the pear trees and maintained on kidney bean plants in a greenhouse. All tests were conducted at 24-26°C, 50-60% RH and an 18 h photophase. Two test arenas, composed of a bean leaf disc (3 cm in diameter) placed bottom side up on moist cotton in a plastic Petri dish (9 cm in diameter) with a hole (1 cm in diameter) in the center of the bottom, were placed on a plastic water container (14 cm in diameter and 5 cm in height) with a hole (1 cm in diameter) in the center of the lid. A wick consisting of a strip of cotton was fitted through the center hole of a Petri dish and water container to keep the cotton moist. Two holes (each 3 mm in diameter) were drilled in the upper part of the side wall of the water container for water refill using a squeeze bottle. Acaricides were applied until run off with a one liter hand sprayer (Komax Co.) held 23 cm away from the leaf discs. Mites of both predator and prey that ran away from the disc or did not respond to touches by a fine brush were considered dead. Immature survival of both species was determined by counting the number of subsequent stages.
Effects of acaricides on A. womersleyi.
The effects of acaricides on the survival and reproduction of adult females of A. womersleyi were evaluated in tests with 50 adult females (5 replicates with 10 mites per leaf disc). For each acaricide, A. womersleyi females were transferred from the source culture to leaf discs. Some twospotted spider mites were added to each disc to confine adult female predators on the leaf discs. The leaf discs with adult female predators were sprayed with one of the acaricide solutions or distilled water, and then allowed to dry for 1 h. A surplus of all stages of T. urticae was added to each disc daily to ensure an abundance of food. The survival and reproduction of adult female predators were counted at 1, 3, 5 and 7 days after treatment.
The effects of acaricides on immature predators were evaluated with 50 eggs (10 eggs per leaf disc). Adult females of A. womersleyi were placed on leaf discs, allowed to deposit eggs for 24 h, and removed. The number of eggs was then adjusted to 10 per disc on each of 5 leaf discs for each acaricide tested. The leaf discs with predator eggs were sprayed with each acaricide solution or distilled water, and then allowed to dry for 1 h. A surplus of all stages of T. urticae was placed on each disc when the predator eggs began to hatch. Immature survival to adulthood was observed daily. This experiment was discontinued when all predators reached adulthood.
The effects of indirect poisoning on adult female predators feeding on prey treated with acaricides were assessed by providing predators with either twospotted spider mites treated with acaricides, or untreated twospotted spider mites. This experiment was performed with three acaricides which showed low toxicity to adult females and immatures of A. womersleyi. Adult females of A. womersleyi were placed (5 replicates with 10 mites per leaf disc) on clean leaf discs with T. urticae immatures that had been sprayed with each acaricide solution or distilled water. Fresh prey of the appropriate treatment were added daily to ensure an abundance of food. Observations on the survival and reproduction of adult female predators were made daily for 5 days.
Effects of acaricides on T. urticae. The effects of acaricides on adult females of T. urticae were evaluated in the same way as for A. womersleyi. Likewise, immature twospotted spider mites were also tested by the same procedure as was used for the immature predators.
Data analysis. All data on survival and reproduction in each experiment were analyzed using analysis of variance (ANOVA) and Tukey test in SAS (SAS Institute, Inc.). Data in the form of percentages were transformed to arcsine values for ANOVA.
RESULTS AND DISCUSSION
The effects of the 8 acaricides tested on the survival of A. womersleyi and T. urticae adult females at different time intervals after application and their reproduction are shown in Tables 1 and 2, respectively. Generally, the survival rates of A. womersleyi adult females in all treatments tended to decrease with the lapse of time. After 168 h, the survival rates of adult female predators treated with 8 acaricides were statistically different from those of the control. However, 72 to 86% of adult female predators survived in treatments with bifenazate, acequinocyl and chlorfenapyr, whereas all T. urticae adult females died within 1-3 days after treatment. These results indicate that bifenazate, ace-quinocyl and chlorfenapyr are much less toxic to A. womersleyi adult females than to T. urticae adult females. Survival at 168 h after treatment with etoxazole and flufenoxuron was 84 and 78% for A. womersleyi adult females, and 70 and 62% for T. urticae adult females, respectively. Thus, etoxazole and flufenoxuron were also less toxic to adult female predators than to their pest mite prey. However, the survival rates of T. urticae adult females sprayed with etoxazole and flufenoxuron were much higher than those of the other acaricidal treatments because of differences in the mechanism of toxicity. Reports have shown that etoxazole and flufenoxuron interfere with the molting process of mite juvenile stages but have little effect against adults (Anderson et al., 1986; Yoo and Kim, 2000) . The survival rate of A. womersleyi adult females treated with azocyclotin was higher than that of T. urticae adult females. However, survival of adult female predators declined over time until only 6% remained alive after 168 h. Milbemectin and fenazaquin were highly toxic to adult females of A. womersleyi and T. urticae. All the adult females of both mite species died within 1-3 days of the test. Reproduction of adult female predators treated with 8 acaricides was less than that of the control. However, the number of eggs produced by adult female predators treated with bifenazate, etoxazole, acequinocyl, flufenoxuron and chlorfenapyr was 61-91% that of control females. In contrast, the number of eggs produced by adult female predators treated with azocyclotin, milbemectin and fenazaquin was only 0.3-6.3% that of normal females. Reproduction of T. urticae adult females was also reduced in all acaricidal treatments. Egg production by adult females of T. urticae treated with etoxazole and flufenoxuron was 64-67% that of control females, whereas in the other acaricidal tretments, T. urticae adult females it was only 0.3-5.5%. These results suggest that bifenazate, etoxazole, acequinocyl, flufenoxuron and chlorfenapyr have no serious effect on egg production by the surviving adult female predators in each treatment.
The effects on survival of immature A. womersleyi and T. urticae are summarized in Table 3 . Numbers of immature predators that reached adulthood in all acaricidal treatments were statistically different from the control. However, 80 to 86% of immature predators reached adulthood in treatments with bifenazate, acequinocyl and flufenoxuron, whereas all T. urticae immatures failed to develop to the nymphal stage. Thus, bifenazate, 512 S. S. Kim and S. G. Seo Etoxazole and chlorfenapyr did not seriously decrease the survival rate and fertility of adult female predators but caused high mortality rates in eggs and larvae; as such, the use of these acaricides in an integrated pest management system should be carefully evaluated. However, we consider that etoxazole and chlorfenapyr could be of value in adjusting prey density before the release of A. womersleyi adult females. Azocyclotin, milbemectin and fenazaquin caused severe mortality to adult females and immatures of A. womersleyi. Therefore, it is advisable to restrict their usage as much as possible.
Adult female predators that fed on prey treated with three acaricides survived almost as well as those that fed on untreated prey (Table 4) . Similarly, the reproductive rates of adult female predators that fed on treated prey were not significantly different from the control. Throughout the entire test period, predators that fed on treated prey produced 90-99% as many eggs as the control. Our test of indirect poisoning showed that ingesting treated prey did not influence the survival and egg production of adult A. womersleyi females. This suggests that A. womersleyi adult females could maintain themselves in the field on treated prey, which would enhance their ability to prevent resurgence of the T. urticae population.
The results of our laboratory tests suggests that bifenazate, acequinocyl and flufenoxuron could be used as selective acaricides in an integrated pest management program because they appeared much more toxic to T. urticae than to A. womersleyi. Additionally, we can expect that concentrations lower than the recommended field rates of these three acaricides will enhance the survival rates of adult females and immatures of A. womersleyi. For longterm spider mite biological control and integrated pest management, three acaricides at reduced concentrations might be used to adjust the prey/predator ratio by reducing twospotted spider mite numbers (thus maintaining control) while allowing predators to survive by feeding on surviving twospotted spider mites. However, care should be taken when translating the results of laboratory tests into predictions of field performance (Hoy and Cave, 1985; Zhang and Sanderson, 1990) . Villanueva-Jimenez and Hoy (1998) also documented that field trial provides more information on pesticide-pest-natural enemy interactions. Thus, field trials with bifenazate, acequinocyl and flufenoxuron are needed to fully evaluate the potential of these compounds as selective acaricides for integrated management of T. urticae. 
